The carpal bones of 18 anorexia nervosa patients were radiographed and the X-ray age assessed by 2 different standard methods
Introduction
It has been claimed that there are critical weight thresholds which relate growth to reproductive potential. There are suggestions of 2 such thresholds in pubescent girls. The first and lower one has been determined in anorectic female patients. In them, pituitary responsiveness to luteinizing hormone-releasing hormone (LHRH) only occurred at weights above 44 kg (Palmer et al., 1974) . This threshold seems to generate initial femininity both psychologically and biologically. The second and higher threshold heralds menstruation. Frisch and her colleagues (Frisch and McArthur, 1974) Anorexia nervosa has been construed as a phobia of normal adolescent weight, the origins of which are pubertal. It has been claimed that it reflects a need to avoid maturity, low body weight being achieved by major carbohydrate abstention or by bulimia and induced vomiting (Crisp, 1970) .
In an 'abstaining' anorectic population Kalucy (Kalucy et al., 1976) has shown lack of surges of growth hormone during the first 2 hr of sleep. Crisp (1969) reported that female patients whose anorexia had begun early in adolescence tended to be shorter in stature than a control population matched for age and social class. More recently a detailed case study of one male anorectic showed stunting of growth and delayed puberty and maturation in terms of skeletal age (Toms and Crisp, 1972) .
Work (Prader, Tanner and von Harnack, 1963) with a younger age group of both sexes has shown that starvation from a number of causes will lead to stunted growth; this work also demonstrated the phenomenon of growth 'catch-up' when normal nutrition recommenced. Similarly Money (1975) and other workers, e.g. Powell, Hopwood and Barratt (1973) Greulich and Pyle (1959) . By this method (G-P) radiological ages up to 18 years can be predicted.
Some months later these radiographs were reassessed. The radiological age was evaluated by awarding a score to the radius, ulna and small bones as described by Tanner, Whitehouse and Marshall (1975 analysed separately using each of these methods. The results were essentially the same in both cases.
Figures la and lb show clearly that there was little or no association between the radiological assessment of age and the chronological age of the patients.
For most of the patients it was found that the radiological age (bone maturity) was considerably less than should have been reached at their chronological age. The theoretical relationship to be expected if the radiological age accurately measured the chronological age is illustrated in the figures. It becomes horizontal as soon as the chronological age exceeds the maximum age determinable by the radiological method. Little association was found between the radiological age and the age of onset of anorexia nervosa. For most patients the radiological age was greater than the age of onset.
The relationship between the radiological age and the sum of age of onset of illness plus the periodts) of re-feeding was then examined (Fig. 2a and b) . Up to the maximum age determinable by the radiological method, least squares regression analysis showed a highly significant (P<0 001) linear relationship which did not differ significantly (P>0-2 G-P method, P>0.8 TW2(RUS) method) from a line of slope unity passing through the origin. This indicated a relationship of equality between them. The standard deviation of the radiological age determinations in this study was estimated from the residual variation about the fitted line and was 6-8 months for the G-P method and 7.9 months for the TW2(RUS) method. The error in assessing age from hand radiographs is well documented (Greulich and Pyle, 1959) for the G-P method and varies with age The radiological assessments of age given by the 2 methods in this study were not significantly different (P>0-8). Also the standard deviations of the methods did not differ significantly (P>0 5).
Discussion
The finding that patients with early onset anorexia nervosa tend to be shorter than their peers (Crisp, 1969) is consonant with the present finding that bony maturation becomes retarded during periods of active anorectic illness. Further, there is a strong suggestion from the data that bony development actually ceases when the weight loss has been sufficient to stop menstruation. Certainly the 4 patients (numbers 3, 5, 7 and 8) who had persistently starved themselves throughout the course of their illness, showed no radiological evidence of maturing since the onset of their anorexia.
There is a highly significant agreement between the radiological age and sum of the age of onset of the illness plus time spent re-feeding. Adequate renourishment and weight gain seem to rekindle the bone-maturing mechanism. This suggests that bone maturation since the onset of illness is similar in time to the period of re-feeding and thus there is little evidence of accelerated 'catch up' with true chronological age.
It seems possible that bone age, as estimated from radiographs, more accurately reflects a patient's emotional stage of development than does the chronological age; and that the data presented here add to the substantial evidence that the anorectic is biologically and psychologically immature for age (Crisp, 1977) . None of the patients in this sample vomited or purged him/herself and his/her serum electrolytes were within normal range. All of them had gone through a substantial period of low calorific intake to achieve a low but stable body weight and, at the time of the study, were in calorific balance. Their energy intake (Crisp, Leatham and Lacey, 1978) was at the lower end of the range ingested by their peers (Lacey et al., 1978) and they were eating adequate amounts of proteins and fats. The essential features demonstrated by the patients in this study were that they were almost totally abstinent of carbohydrate, and were at a low body weight and body fat. Their body weights were below the critical threshold for biological sexuality and consequently they could be expected to have low serum levels of those hormones associated with reproduction, also growth hormone, but high levels of cortisol (Kalucy et al., 1976) . Whilst it is generally accepted that skeletal maturity is under endocrine control, the relative hormone balance needed for each stage of bone maturity is unknown. Gonadotrophins are necessary for epiphyseal fusion and bone maturation during the adolescent period that this illness thwarts. Further cortisol levels in doses not much in excess of the normal rate of secretion retards skeletal maturation (Tanner et al., 1975) .
Whilst radiological assessment of bone age would contribute to a true prediction of the degree of immaturity, regular monitoring during treatment would seem to be unjustified because body weight is a sufficient guide to the progress of physical development.
Major dieting is endemic and epidemic amongst normal schoolgirls (Huenemann et al., 1966) , and manipulation of diet commonplace (Lacey et al., 1978) such that some 10% of girls diet sufficiently for menstruation to cease (Nylander, 1971) . Further, it is known that 1-2% of adolescent females develop anorexia nervosa (Crisp, Palmer and Kalucy, 1976) . It thus appears that many young females go through periods of serious abstention from carbohydrate and a substantial number allow their weight to fall below the critical thresholds mentioned above needed to maintain the hormonal drive for growth in both a biological and emotional sense, perhaps thus interfering significantly with their physical and psychological development.
